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OCIS codes: 300.6230, 320.5390, 300.6290, 120.1740, 120. 6780, 190.4380 In combustion, pure-rotational coherent anti-Stokes Raman spectroscopy (RCARS) has been used for some time as a tool for the determination of both temperature and species concentrations, such as nitrogen and oxygen. In RCARS, S-branch rotational Raman transitions are excited by the difference frequency between two pump laser photons. Following the excitation of this rotational Raman coherence, a narrowband probe beam is scattered from the excited molecules giving rise to a coherent signal beam, which is Raman-shifted to the anti-Stokes side of the probe frequency. The gas-phase temperature can be calculated from the relative intensities of the rotational lines by the use of a frequency-domain CARS model [1] . In the dual-broadband approach [2, 3] , the pump pulses are both obtained from a single broadband laser. Because the pump photon pairs originate from the same laser, the effect of mode fluctuations is minimized, allowing for improved precision in the temperature determination [2] [3] [4] .
Interfering four-wave mixing signals can often arise in applications of RCARS. Even when no combination of the laser pulses coincides with a resonance frequency of the system being probed, off-resonance electronic excitations are still possible and the resulting non-resonant signal can interfere with the resonant rotational signal with differing phase, reducing sensitivity and complicating analysis. In addition to the non-resonant signal, inadvertent resonant signal may arise when the pulses are overlapped in time and a different time ordering of pulses excites a coherence. For example, in the RCARS work presented here the two broadband pump pulses are obtained from a dye laser centered at 633 nm. The probe is taken directly from a frequency-doubled Nd:YAG laser at 532 nm. When the pulses are overlapped in time, the 532-nm pulse can act as a pump pulse together with the 633-nm stokes pulse to excite ro-vibrational quantum coherences in the C-H stretching region. The broadband 633-nm pulse also acts as the probe pulse that "smears out" the signal from this ro-vibrational coherence, creating a broad interfering resonant signal: smeared vibrational CARS (SVCARS) centered at 532 nm. However, by delaying the 532-nm RCARS probe pulse relative to the envelope of the 633-nm pump pulse, the time ordering of the desired excitation process is set for RCARS, eliminating any possible signal from SVCARS. Additionally, because the non-resonant four-wave mixing process requires that all three photons are present at the same time, a delayed probe suppresses this signal as well, allowing generation of a clean RCARS spectrum that can be readily fit. Figure 1 demonstrates the effect of delaying the probe pulse by 150 ps in an RCARS experiment probing the center of a propane diffusion flame. Panel (a) shows the strongly interfering resonant and nonresonant signal obtained with no probe delay, while the 150-ps probe delay in panel (b) suppresses the interfering signal completely, allowing for a temperature fitting of 1205 K.
During the time-interval between the excitation of the rotational coherences by the pump pulses, and the scattering of the probe pulse, dephasing of the coherences occurs. Collisional dephasing of low-J rotational coherences is more rapid than that for high-J lines [5] . Thus, a probe-delayed spectrum exhibits a higher rotational temperature. This effect is demonstrated (Fig. 2) for data taken in a temperature-controlled oven. At higher temperatures, the spectral effect of probe delay is less significant than at low temperatures because the decreased collision frequency lowers the dephasing rate and the dephasing rates are much less dependent on J at elevated temperatures [5] .
To explicitly account for the J-dependent collisional dephasing observed in time-resolved RCARS a timedomain RCARS model is being developed, allowing probe delayed spectra to be fit for both temperature and species concentration. The use of degenerate pump pulses from a broadband dye laser required treatment of non-transformlimited pulses in the CARS signal equations. Published spectral data on nitrogen and oxygen linewidths, as well as data collected in our laboratory for comparison, will be used to compute the pressure and temperature dependent χ (3) tensor.
Time-resolved psRCARS has been shown to provide the means to suppress unwanted resonant and non-resonant signals during RCARS experiments. Further a time-domain RCARS model is being developed to allow for the determination of temperature and species concentration from probe-delayed psRCARS spectra.
